In this paper we present the perturbation method of solutions for the steady flow of a second order slightly thermo-viscous incompressible fluid through a porous slab bounded between two infinitely spread permeable parallel plates in the absence of pressure gradient. The effects of various material parameters on the flow field have been discussed with the help of illustrations. It is worth mentioning that the variations of the velocity and temperature of the fluid increase at the faster rate. This effect can be attributed due to the strain thermal conductivity of the fluid.
Introduction
Fluid flows through porous media have been a subject of both experimental and theoretical research for over one and half centuries, because of its wide range of application in diverse areas of knowledge in Science, Engineering, Space systems, Geophysics, Energy systems, Technology based petroleum industry, Biophysics, Astrophysics, Soil sciences, Agricultural sciences, Biomechanics, Biomedicines, Biomedical Engineering, Artificial dialysis and so on. Some practical problems involving such studies include the percolation of water through solids, the extraction and filtration of oil from wells, the drainage of water for irrigation, the aquifier considered by the ground water hydrologists, the reserve bed used for filtering drinking water, the oil reservoir treated by the reservoir engineer and the seepage through slurries in drains by the sanitary engineer etc. Filters and filter beds are employed in most chemical processes. A chemical reactor would be filled with porous pellets impregnated with a catalyst. Distillation and absorption columns are often filled with beads or porous packing in a variety of shapes. The movement of gases and liquids through porous media is common to many industrial processes. In nuclear industries, porous medium is used for effective and efficient insulation and for emergency cooling of nuclear reactors.
Considerable interest has been evinced in the recent years on the study of thermo-viscous flows through porous media because of its natural occurrence and its importance in industrial geophysical and medical applications. The flow of oils through porous rocks, the extraction of energy from geo-thermal regions, the filtration of solids from liquids, the flow of liquids through ion-exchange beds, cleaning of oil-spills are some of the areas in which flows through porous media are noticed. In the physical world, the investigation of the flow of thermo-viscous fluid through a porous medium has become an important topic due to the recovery of crude oil from the pores of reservoir rocks.
Henry Darcy observed that, the discharge rate of the fluid percolating in a porous medium is proportional to the hydraulic head and inversely as the distance between the inlet and outlet i.e. proportional to the pressure gradient. Darcy, based on the findings of a large number of flows through porous media, proposed the empirical law known as Darcy's law
where Q is the total discharge of the fluid, * k is the permeability of the medium, A is the crosssectional area to flow the fluid,  is the viscosity of the fluid and P  is the pressure gradient in the direction of the fluid flow. Dividing both sides of the above equation by the area then the above equation becomes
where q is known as Darcy's fluid flux and we know that the fluid velocity( u ) is proportional to the fluid flux ( q ) by the porosity( * k ), then
The negative sign indicates that fluids flows from the region of high pressure to low pressure. Koh and Eringin(1963) introduced the concept of thermo-viscous fluids which reflect the interaction between thermal and mechanical responses in fluids in motion due to external influences. For such a class of fluids, the stress-tensor ' t ' and heat flux bivector ' h ' are postulated as polynomial functions of the kinematic tensor, viz., the rate of deformation tensor ' d ':  as that of cross-viscosity.
The problem of thermo-viscous fluid flow between two non permeable fixed parallel plates was examined by Pattabhi Ramacharyulu and Nageswar Rao(1969) . The flow of thermo-viscous fluid between two parallel plates in relative motion was examined earlier by Pattabhi Ramacharyulu and Anuradha(2006) . Nageswar Rao and Srinivas Joshi(2010) investigated the steady flow of thermo-viscous fluid between two parallel porous plates in relative motion. Some visco-metric flows of thermo-viscous fluids was studied by Kelly(1965) . The problems on visco-elastic fluid flows was examined by Longlois(1963) and Rivlin(1954) . The works of Bear(1970) , Beaver and Joseph(1967) , Collis(1961) , Preziosi and Farina(2002) and Yamamoto and Yoshida(1974) presents the flows through the porous medium.
None of the theories so proposed takes into account that the porosity effects on the flows of thermo-viscous fluids. Keeping in mind the relevance and growing importance of non-Newtonian fluids in geophysical fluid dynamics, chemical technology and industry; the present paper attempts to study the both the thermo-viscous and porosity effects on flows through a porous medium.
Basic Equations
Flow of incompressible homogeneous thermo-viscous fluids through porous medium satisfies the usual conservation equations:
and the energy equation N.Pothanna, N.Ch.Pattabhi Ramacharyulu and P.Nageswara Rao / Journal of Advanced Computing (2015) Vol. 4 No. 1 pp. 37-58 
Mathematical Formulation
Consider the slow steady flow of a second order slightly thermo-viscous fluid through a porous medium bounded between two permeable parallel plates. The flow in the absence of external body forces, internal heat source and the pressure gradient in the flow direction is examined. The motion of the upper plate, moving with a given velocity 0 relative to the lower plate along the flow direction.
With reference to a coordinate system O(XYZ) with origin on the fixed plate, the X-axis in the direction of the plate movement, Y-axis perpendicular to plates, the plates are represented by y = 0 and y = h. Further the two plates are maintained at constant temperatures 0 and 1 respectively. 
The boundary conditions are : N.Pothanna, N.Ch.Pattabhi Ramacharyulu and P.Nageswara Rao / Journal of Advanced Computing (2015) Vol. 4 No. 1 pp. 37-58 
It can be noted from the equations (2)  is thermo-mechanical viscous stress force generated perpendicular to both the flow direction and the Reiner-Rivlin normal stress. This is observed by Koh and Eringen(1963) for a second order thermo-viscous fluids. The generation of normal stress y f  (proportional to the cross-viscosity coefficient c  ) is also observed by Lakshmana Rao and Bhatnagar(1957) who investigated the rectilinear flow of visco-inelastic fluid through non-circular ducts.
The following non-dimensional quantities are introduced to convert the above basic equations to the non-dimensional form.
are non-dimensional temperature gradient which is assumed to be constant. Further, S is the non-dimensional Darcy's porosity parameter and 0 V is the nondimensional Suction/injection parameter.
In terms of these non-dimensional quantities, the equations of motion and energy reduce to the following:
Equation of motion in the X-direction : 
The equations (6) and (9) are non linear and coupled differential equations in terms of the velocity field ) (Y U and the temperature field ) (Y T . The perturbation technique is most powerful and elegant method to get the solutions of these type of equations. Hence this technique is employed to obtain the solutions of equation of motion and energy together with the boundary conditions :
(10) and
Solution of the Problem
The fluid is assumed to be slightly thermo-viscous in the sense that the interaction between the mechanical stress and thermal gradients (characterized by the coefficient For a slightly thermo-viscous fluid (in the sense that 6 a is small), the thermo-mechanical stress interaction coefficient is very small (i.e. 1 6  a ) and so the flow of the thermo-viscous fluid is a perturbation over a non-thermo viscous fluid. In such a case the velocity and temperature fields can be expressed as
with 6 a is the perturbation parameter.
Substituting the equations (12) and (13) in equations (6) and (9) and collecting terms of like powers of 6 a , we obtain the equations in the successive approximations. 
Basics or Zero
with the boundary conditions :
From the equation (14) and using the boundary conditions in (16) the velocity distribution is obtained as
The equation (15) together with the equation (18) and the boundary conditions(17) yields the temperature distribution The equations in this approximation are (20) and N.Pothanna, N.Ch.Pattabhi Ramacharyulu and P.Nageswara Rao / Journal of Advanced Computing (2015) Vol. 4 No. 1 pp. 37-58
with homogeneous boundary conditions :
In these equations, The velocity and temperature distribution up to the first order approximation is as follows:
The velocity distribution : 
The variations of the velocity and temperature profiles for different values of the flow parameters are shown in the illustrations Fig.(1)-Fig.(12) . Ramacharyulu and P.Nageswara Rao / Journal of Advanced Computing (2015) Vol. 4 No. 1 pp. 37-58 50 
The Flow Rate

The Nussult number ( Heat transfer coefficient
): dY dT                                                                                                                                                                                                                   ) 0 ( |  Y dY dT                                                                                                                                                                                                                                                                 1 1 ) 1 ( 1 ) ( 2 ) 1 ( ) 1 ( 1 ) ( 2 ) 1 ( ) 1 ( 1 ) ( ) 1(3 2 1 4 0 4 3 2 1 3 0 0 2 1 2 1 6 0 2 1 2 1 0 2 0 2 1 2 2 1 0 2 1 2 6 1 2 1 2 0 2 1 2 1 1 0 0 2 1 2 1 6 0 2 1 2 1 0 2 1 2 1 2 2 1 3 2 0 2 1 2 1 0 0 2 1 2 1 2 2 1 3) 1 ( |  Y dY dT                                                                                                                                                                                                                                                                                  r r p V
The Cross Viscous Force Generated on Lower Plate in the Y-direction :
) 0 ( |  Y Y F                                                                                                                                                                                                                      
Results and Discussion
The flow presented in this paper is investigated under the assumption of slow steady motion of a fluid so that the viscous dissipation, Darcy's dissipation and thermo-mechanical stress interaction coefficient terms are neglected.
The effects of various material parameters such as Strain thermal conductivity coefficient ( 
